The oRules of state reduction are applied to the Schrödinger cat experiment. It is shown that these rules can unambiguously describe the conscious state of the cat, as well as an outside observer at any time during the experiment. Two versions of the experiment are considered. In version I, the conscious cat is made unconscious by a mechanism that is triggered by a radioactive decay. In version II, the sleeping cat is made conscious by an alarm clock that is triggered by a radioactive decay.
Introduction
Four rules that are called the oRules are given in previous papers [1, 2] . These rules are said to govern the process of stochastic choice and state reduction in an ontological model of any quantum mechanical system, and describe how the consciousness awareness of an observer changes (or not) during this process. In the present paper, these rules are applied to the case of Schrödinger's cat.
An early version of the oRules appears in another paper were they are simply called The Rules [3] . This early version is also applied to the Schrödinger cat [4] . The present paper is therefore a new rendition of ref. 4 , using the more recent version of the rules (i.e., the oRules) to bring the discussion up to date.
In refs. 1-3, an interaction was studied that involves a particle passing over a detector with some probability of capture. A conscious observer witnesses the detector at various times during the interaction. It was found that if the observer observes the detector during a particle capture, a new state of consciousness always accompanies the associated state reduction. That is, in the several cases investigated in refs. 1-3, consciousness was found to switch from one detector state to another on the occasion of a stochastic choice in accordance with these rules.
There are four separate oRules. The first refers to the probability current J that flows into a state. The current J is defined to be the time rate of change of the square modulus.
oRule (1) : For any subsystem of n components in a system having a total square modulus equal to s, the probability per unit time of a stochastic choice of one of those components at time t is given by (Σ n J n )/s, where the net probability current J n going into the n th component at that time is positive.
The ready brain state referred to in oRule (2) is defined as one that is not conscious, but is physiologically capable of becoming conscious if it is stochastically chosen. An active brain state is one that is either conscious or ready. Ready brain states are underlined in this treatment whereas conscious brain states are not. This switches the convention adopted in ref. 3 . The purpose of the present paper is to apply these rules to two versions of the Schrödinger cat experiment. Version I is a somewhat modified formulation of that famous puzzle. It usually involves a cat being placed on two components of a quantum mechanical superposition, where it is alive on one component and dead on the other. This distinction is ambiguous because an alive cat can be unconscious, in which case it is every bit as inert as a dead cat. The distinction used here is that the cat is conscious on one component of the superposition, and unconscious on the other. In version II, the cat begins in an unconscious state, and is aroused to a conscious state.
The Apparatus
We first look at the apparatus that is used in the Schrödinger cat experiment without a cat or an external observer being present. The oRules applied to the apparatus by itself gives an unaccustomed glimpse of the quantum mechanical behavior of a macroscopic thing. This happens because state reduction, under the oRules, can only occur when there is an observer present. So we will see what a functioning macroscopic object looks like when it carries out a routine without the benefit of a 'collapse' of the state anywhere along the way. The remainder of this section is identical with a similar section in ref. 4 .
The apparatus will consist of a radioactive source and a detector that will be denoted by either d 0 or d 1 , where the first means that the detector has not yet captured the decay particle, and the second means that it has. The detector output will be connected to a mechanical device that carries out a certain task, such as a hammer falling on a container that then releases an anesthetic gas. This device will be denoted by M (α, t), where α indicates the extent to which the task has been completed, and t is the time. The component d 0 M (α 0 , t) indicates that the source has not yet decayed at time t and that the mechanical device is still in its initial position given by α 0 . The component d 1 M (α 1 , t) indicates that the decay has already occurred by the time t, and that the mechanical device has advanced to a position given by α 1 . Let I 0 be an indicator that tells us that M has not completed its task, and I 1 tells us that it has. Then d 1 M (α 1 , t)I 0 means that the device has not completed its task at time t. When α = α f we will say that the device M has fully run its course, so d 1 M (α f , t)I 1 means that the source has decayed, and that the mechanical device has completed its task at time t as indicated by α f and by the indicator I 1 . We also suppose that the source is exposed to the detector for a time that is limited to the half-life of a single emission. At that time a clock will shut off the detector, so it will remain in the state d 0 if there has not yet been a particle capture.
The system at t 0 = 0 is then: Φ(t 0 ) = d 0 M (α 0 , t 0 )I 0 , and in time it becomes
where dzd 1 M (α z , t)I 0 and d 1 M (α f , t)I 1 are zero at t 0 , and z covers the range 0 ≤ z < f . The significance of the integral is that at some time t there is a spread of alphas that represent the possible state of the mechanical device at that moment. Although the device is a macroscopic object, there is a quantum mechanical uncertainty as to when it begins its operation. The function M (α z , t) is therefore a pulse that represents that uncertainty moving along the +z axis.
As time progresses, the second component in eq. 1 and then the third component will gain in amplitude, but the third component cannot do that until after a time T that corresponds to the time it takes for the mechanical device to complete its task.
Since we arranged to have the first component decrease for a time equal to the half-life of a single emission, its square modulus will stabilize to a constant value of 0.5 at that time, assuming that eq. 1 is normalized. After that, no new current will flow into the second component, so its amplitude will fall back to zero as the pulse in M (α z , t) runs out along +z. When M (α z , t) finally goes to zero, the third component will reach its maximum value. In the end, the first and third components will survive, each with a square modulus equal to 0.5.
Add an Observer
Before inflicting this apparatus on a cat, we will see how the oRules work when an outside observer witnesses the apparatus in operation. In that case, eq. 1 becomes
where X is the unknown brain state of the observer prior to the physiological interaction. Let the observer interact with the detector at some time t look , giving
where the physiological process represented by the arrow is a continuous and classical progression leading from independence to entanglement. The arrows carry d into D and ⊗X into B b . The detector D includes the bare detector d plus the low-level physiology of the observer. The brain state B is only the higher level processes of the brain that directly involve consciousness (i.e., not image processing). The state B b is called a brink state because it is an inactive state (i.e., still not conscious or ready) that is on the brink of becoming active (i.e., conscious or ready). This progression is classical to the extent that it ignores the quantum uncertainties that are internal to the physiology of the observer 1 .
During this process the observer will be unable to distinguish between the two detector states D 0 and D 1 , which is why his brain is called inactive at this time. However, at some moment t ob (i.e., the moment of observation) he will resolve the difference between these states, and when that happens a continuous 'classical' evolution will no longer be possible. Let this happen with the appearance of the brink state B b . At this point the solution will branch "quantum mechanically" into additional components, with oRule (2) requiring the introduction of ready brain states B 0 and B 1 .
where probability current flows vertically into the second row from components in the first row, beginning at the time t ob of observation. This current represents the physiological interaction that follows the active engagement of the observer. Horizontal current will flow in the first row during the primary interaction, but not in the second due to oRule (4) -according to which the ready brain state B 0 cannot transmit current to the ready brain state B 0 , or B 1 to itself. This is indicated by the parenthesis around the plus signs in the second row.
The first oRule with n = 3 (treating the integral as one component) requires that the time integrated current flowing into the second row of eq. 3 must equal 1.0. So one or the other component must be eventually chosen. We take them in reverse order.
If the observation occurs after time T , then current will have flowed into the last (or sixth) component
If that component happens to be stochastically chosen at a time t sc6 , then the ready state B 1 will become conscious, and following oRule (3) the state of the system will be
This will complete the interaction. It corresponds to the observer coming on the scene when the mechanical device has already finished its task. The un-underlined state B 1 is a brain state of the observer that is conscious of the detector D 1 and posssibly the indicator I 1 .
The fifth component in eq. 3 containing the integral is a continuum of components in the variable α z at time t. If one of those components is stochastically chosen at a time t sc5 , the corresponding value α sc5 will be selected. That will make the observer conscious, and following oRule (3), the system will become
From this point on the observer will track the behavior of the mechanical device like a classical observer. The Hamiltonian will then carry the mechanical device through from α sc5 to α f , where the conscious brain state B 1 experiences the detector state D 1 . Another possibility is that there will be a stochastic choice of the fourth component in eq. 3 at a time t sc4 . This reduces the state of the system to
It will then continue to evolve
where
is zero at t sc4 and increases in time. This component will not take the form of an integral over α z because the Hamiltonian can only connect the fourth component in eq. 3 with α 0 in the integral, and oRule (4) will not allow a self-generating succession of ready brain states to follow. That is, a transition to a component α z containing a ready brain state B 1 is not allowed if it can only get there from another component α z ′ containing the ready brain state B 1 . Consequently, the component α 0 cannot be skipped over as the mechanical device begins its operation. The significance of this is discussed in the last paragraph of this section.
The second component in eq. 5 may now be stochastically chosen at time t sc42 , such that t sc42 > t sc4 . In that case the system will again be reduced, giving
From this point on, the observer will track the classical behavior of the mechanical device as happened following eq. 4, beginning in this case with α 0 . The primary (horizontal) current will cut off at t 1/2 . If that happens after the fourth component as been stochastically chosen at t sc4 , and before eq. 5 has run its course, that equation will become time independent.
The existence of this superposition is not unphysical. It is like similar cases in the previous paper (ref. 1) where the conscious observer on one component is unaware of the other (not conscious) component. We call the second component in eq. 6 a phantom because it serves no further purpose (see discussion in ref. 1).
The oRules require that any subsequent reduction will eliminate a phantom such as this. Equation 6 therefore corresponds to the observer finding the detector in the state D 0 with the clock run out.
If the cut-off happens after the fifth component has been stochastic hit, then it will continue to run its classical course to the sixth component like eq. 4, ending with the observer being aware that the mechanical devise has completed its task.
And finally, if the cut-off at t 1/2 occurs before there has been a stochastic hit of any kind, then the second and third components of eq. 3 will go to zero as current is drained from them into the fifth and sixth components. This may give rise to a stochastic hit on one of these components and a subsequent classical development. Otherwise, these components will become phantoms after receiving this current. However, physiological (vertical) current will continue to flow after t 1/2 from the first component eq. 3 to the fourth component. This will lead to a hit on the fourth component at some time t sc43 giving
This again will correspond to the observer finding the detector in detector state D 0 with the clock run out. Since the clock limiting the detector is set equal to the half-life of a single emission, there is a 50% chance that the system will be given by eq. 6 or 7. Otherwise, there is a 50% chance that the outside observer will not witness a cut-off of the the mechanical device.
Version 1 with no Outside Observer
We now replace the indicator in eq. 1 with cat brain states, the first of which is the conscious state C 0 shown in the first component of eq. 8 below. This indicates that the cat is conscious of the detector D 0 . The mechanical devise is one that will render the cat unconscious, as represented by the state U in the last component of eq. 8. As in the previous case, we require that all lower physiological operations are included in the mechanical device. Before a stochastic choice occurs, the system would apparently be given by
where the last two components are initially equal to zero, C 1 is a ready brain state of the cat, and z covers the range 0 ≤ z < f . This equation differs from eq. 1 in that the cat is in it from the beginning. The conditions of the experiment require that the cat is still conscious when the mechanical device begins its operation; so z in the second component in eq. 8 must be zero when it becomes active. This means that the last component and all but the first component under the integral are not really present in eq. 8 since, because of oRule (4), they cannot possibility appear before there has been a stochastic hit. Here again, α 0 cannot be skipped over. We therefore have just
instead of eq. 8, where
If this component is stochastically chosen at time t sc , then the system will become
From this point on, the cat will track the classical behavior of the mechanical device until it completes the task of rendering the creature unconscious at time t f . The final state of the cat is then given by
On the other hand, if the primary current stops flowing at the half-life time t 1/2 , then the second component in eq. 9 cannot be stochastically chosen after that time. This means that eq. 9 will stabilize in place giving the time independent equation
where both components have come to a square modulus equal to 0.5, assuming that eq. 9 is initially normalized. The cat will be conscious of the detector D 0 without any awareness of the other component, so the phantom component of this superposition does no harm.
There is a 50% possibility that eq. 11 will be the final state, and a 50% possibility that eq. 12 will be the final state. This outcome conforms to normal expectations, so oRules (1-4) are adequate to the task.
Version I with Outside Observer
Imagine that an outside observer looks in on the cat during these proceedings to see how it is doing. Skipping t look , eq. 9 would then seem to become
where B b is again the observer's brink state, and the second row is equal to zero at t ob and increases in time. However, the fourth component must remain zero because current flow into it is forbidden by oRule (4); and since there is no other product of the psychological interaction that is discontinuous with the third component, it is not required by oRule (2) to be a ready state. So beginning with t look , the solution generated by the physiological interaction will be a continuous classical process giving
instead of eq. 13, where π is the time it takes for the observer to come on board. The first row of this equation is a single component that evolves continuously and classically as represented by the arrow. That evolution carries ⊗X into B 0 by a process that leads from independence to entanglement. The primary interaction is still active during this time, and this gives rise to a vertical current going from the first to the second row in eq. 14. The second row is therefore a continuum of components that are created parallel to the first row at each moment of time. So at the time t look + π, vertical current flows only into the final component in the second row of eq. 14. Components prior the last one no longer have current flowing into them from above, and since there is no horizontal current among these ready states, they become phantom states as soon as they are created. Therefore, when the interaction is complete after t look + π, eq. 14 is
is zero at t look + π and increases after that time. This equation is identical with eq. 9 with the addition of the observer. From this point on the options work out the same as they do in the previous section, except for the addition of the observer.
Version II with no Outside Observer
In the second version of the Schrödinger cat experiment, the cat is initially unconscious, and is awakened by an alarm that is set off by the capture of a radioactive decay. The mechanical device M (α, t) is now an alarm clock, where a represents the successive stages that progress from the initial ring to the low level physiological processes that terminate in the cat's ready brain state. As before, the alarm will go off only 50% of the time.
where U is the unconscious state of the cat, C is the cat's ready brain state, and the second and third components are initially equal to zero and increase in time. Variable z covers the range 0 ≤ z < f . Again, there may be a time delay T before the third component containing the ready brain state of the cat can accumulate value after t 0 . We assume eq. 16 to be normalized. When current does flow into the third component it might be stochastically chosen at time t sc . If that happens, then the system will become
This will terminate the interaction. It corresponds to the cat finding himself aroused by the alarm, and this will happen 50% of the time.
Only the third component in eq. 16 contains a ready brain state, so only it can be stochastically chosen in a way that leads to an oRule (3) reduction. If there is no stochastic choice, then the square modulus of the first component of eq. 16 will fall to a value of 0.5. The second component will initially rise to some positive value and fall again to zero, and the third component will rise to a square modulus of 0.5. In the final state of the system, the square moduli of the first and third components will be equal to 0.5, and the second component will be zero. Therefore, some time t f after the alarm mechanism has run its course, the system will end its evolution with two time independent components
that will appear 50% of the time. The cat is not conscious in either one of them. This superposition can be reduced by an observation of an outside observer, or by the cat waking up naturally. We will take these two cases separately.
Version II with Outside Observer
If the outside observer interacts with the cat & apparatus after there has been a stochastic choice leading to eq. 17, then following a separate physiological interaction at t ob , the conscious observer will be on board with the conscious cat. The two of them will then experience an amended version of eq. 17 given by
where B IC is the observer's state of consciousness of the detector D 1 and the conscious cat C. Now imagine that the outside observer enters the picture before the stochastic choice that leads to eq. 17. Equation 16 would then become
where B b is the brink state of the outside observer, and B 0U is the observer's state of consciousness of the detector D 0 and the unconscious cat U . The primed components in the second row are equal to zero at t ob and increase in time. A sixth component is not allowed by oRule (4), and current cannot flow between the components in the second row as indicated by the parentheses around the + sign. The fourth and fifth components are discontinuous with each other, so their brain states are ready states according to oRule (2) . If the third component in eq. 20 is stochastically chosen at t sc3 , realizing the component D 1 M (α f , t)CB b , then the continuing physiological interaction will bring about a transition from B b to B 1C , that will result in a final state
19. This corresponds to a stochastic hit in the middle of the inactive physiological process, leaving the observer conscious of both D 1 and C after the completion of that process. If the fifth component in eq. 20 is stochastically chosen at the time t sc5 , this will result in the state D 1 M (α sc5 , t)U B 1U . The outside observer will then be on board with the unconscious cat when the mechanical device has reached the stage given by α sc5 . From that point on, the observer will track the classical operation of the alarm prior to its awakening the cat. This, in turn, leads to a final state that also adds to eq. 19.
If the fourth component in eq. 20 is stochastically chosen at time t sc4 , then we will have the state D 0 M (α 0 )U B 0U . This will happen if the observer looks at the detector prior to the time that a radioactive particle is captured by the detector. In that case, the decay interaction will begin again giving
where the second component is zero at time t sc4 and increases in time. Again, oRule (4) forbids the second component from generating ready brain components that are successors to α 0 , so the only transition that is possible from the first component is one that goes to the α 0 component of the integral. Again, α 0 cannot be passed over.
If there is a subsequent stochastic hit on eq. 21 at time t sc42 , then the state in eq. 21 will become D 1 M (α 0 )U B IU , and the observer will classically track the slumbering cat from the time the alarm mechanism is first launched to the end. This too will lead to a final state that adds to eq. 19.
The final possibility is that there will be no stochastic choice at t sc42 , in which case the first term in eq. 21 will stabilize at the half-life time t 1/2 . When that happens, we will have
where the square modulus of each of the components is equal to 0.5. Equation 22 corresponds to the observer finding the cat unconscious when the clock has run out. This happens 50% of the time, and eq. 19 happens 50% of the time.
Version II with a Natural Wake-Up
Even if the alarm does not go off, the cat will wake up naturally by virtue of its own internal alarm clock. The internal alarm can be represented by a classical mechanical device that operates at the same time as the external alarm. The interaction is assumed to run parallel to eq. 16, and is given by Φ(t > t 0 ) = N (β 0 , t)U + dz ′ N (β z ′ , t)U + N (β f , t)C N
where N (β) is the internal mechanism with a variable β. β 0 is the initial value and β f is the final value that accompanies the associated ready state C N of the cat. The integral covers the range 0 < z ′ < f . As with the external alarm, the internal mechanism takes a time T N to complete its task, so N (β f , t)C N will follow from dzN (β z , t)U only after that time has elapsed. Because it is classical, the z ′ -wave running through the integral will be very sharply defined because the initial state is sharply defined.
Taking the product of eqs. 16 and 23 at t 0 gives Φ(t = t 0 ) = D 0 M (α 0 , t)N (β 0 , t)U After which the state becomes the sum of two possibilities. The first assumes that the internal decay leading to C N occurs before the decay of the external mechanism giving rise to C; and the second assumes that the external mechanism decay occurs before the completion of the internal decay. When these two possibilities are multiplied out and their components summed, we get Φ(t ≥ t 0 ) = D 0 M (α 0 , t)N (β 0 , t)U + (five components of U )
Each curly bracket in eq. 24 formally includes another component proportional to M (α f , t)N (β f , t), but this is equal to zero because the simultaneous appearance of α f and β f is not physically possible.
As the system evolves after t 0 , probability current will flow into the components containing C N and C, creating the possibility that one of them will be stochastically chosen. Since both are terminal states that arise from a single inital state of the system, oRule (1) requires that the probability that one of them is chosen in time dt is equal to (J CN + J C )dt. Integrating this from t 0 to the end of both interactions gives a total probability of 1.0 that one of the ready brain states C or C N will be stochastically chosen.
